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Abstract-The material discontinuity profile along the separation surface between the liquid and 
solid phases may represent a difficulty for the numerical solutions in studies of groundwater flow and 
contaminant transport in porous media and fractured systems. The present paper focuses on the 
dispersion of an hydrosoluble pollutant where the numeric&l procedures are required to describe the 
discontinuity of the concentration profile and at the same time preserve the continuity of the mass 
flux. The analysis shows that, whenever the use of shifted computational grid offers the possibility 
of a particularly elegant approach, the use of nonshifted computational grid should be preferred. 
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1. BACKGROUND 
Studies of groundwater flow and contaminant transport in porous media and in fractured media 
are of great interest to researchers investigating the storage of hazardous wastes in subsurface 
formations, as is the fate of chemical and toxic compounds in groundwater systems. Many 
studies concerning the analysis of the quality of natural or artificial water bodies are engaged 
through the description of the mass transfer phenomena between liquid and solid phases. In 
many geologic formations with low matrix permeability, fluid flow occurs predominantly through 
a single fracture or through a network of fractures; it is important to fully understand fluid 
flow and contaminant transport through a single rough-walled fracture [l]. Typical situations 
are the leaching processes of industrial slag immobilized within blocks of concrete [2], or the 
pollutants desorption from the solid matrix of a groundwater body at the scale level of a single 
noninfinitesimal cavity or fissure [3]. The peculiarity of this type of problem is the discontinuity 
of the concentration profile along the separation surface between the liquid and solid phases; the 
simple scheme of Figure 1 gives a satisfactory idea of the real situation. 
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Figure 1. Discontinuity of the concentration profile at the solid-liquid interface. 
If a linear equilibrium isotherm is assumed, the relationship between C&id and Criquid is written 
as PI 
Csolid = acliquid. (1.1) 
From the computational point of view, the above scenario requires the introduction of a two- 
value function at X = Xint, and this fact may represent a difficulty for the numerical solutions. 
We note that this type of discontinuity is completely different from the discontinuity in the 
pressure field at a liquid-gas interface analyzed in papers as in [5,6]. In fact, the present paper 
deals with the discontinuity of a scalar quantity which does not affect the continuity of the 
fluxes, while the discontinuity of the pressure field in a two-fluid system is a consequence of 
the discontinuity of the forces across the free surface due to the surface tension effect. So, the 
numerical techniques described in [5,6] focus on the difficulties of tracing the free boundary and 
describe the surface tension force as a discontinuous source term for a “like-Poisson” pressure 
equation (some confronting applications are shown in [7]), while the present paper focuses on the 
difficulties of preserving the flux continuity. 
2. NUMERICAL PROCEDURES 
The 1D approximation of the fate of a nonreacting species in stagnant water retains all the 
peculiarities of the problem; thus, the balance equation is written as 
ac a ac -=- D- 
at 8X ( > ax ) (2.1) 
with the initial and boundary conditions 
C(X, 0) = Csolidr 0 5 X < Xint 7 
C(x, 0) = Liquid, Xint < X 5 L, 
cw;,, q = 4x&, t>, 
bnt = -D&id g (x<t 7 t) = -hquid aa: XT (XL G. 
(2.2) 
(2.3) 
(2.4) 
Focusing on the simple finite difference approaches, the use of nonshifted computational cells, 
Figure 2, gives the problem how to compute the content of the species inside the elementary 
volume. The natural solution is the choice of a unique nodal unknown, e.g., Cj)z$d = C(Xiz,, t + 
bt) and the approximation 
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Figure 2. Nonshifted computational grid. 
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Figure 3. Shifted computational grid (the arrows indicate msss fluxes). 
The evaluation of the mass fluxes is free of any difficulty, one has 
act+uCt 
&west = -&quid “;‘l”“” ixe r,solid , (2.6a) 
ct++t _ Ct+abt 
(2.6b) 
where CT = 0 for a fully explicit in time scheme, 0 < cr 5 1 otherwise. 
The scenario is very different if a shifted grid is used, Figure 3. In this case, the nodal point 
at liquid solid interface does not appear at all, so that the concentration of the species of each 
computational cell can be easily evaluated, but the problem arises about the best way to take 
into account the discontinuity (2.3). 
The answer of our experience is a discrete representation of the unique mass flux at the interface 
by means of the following formula: 
cf+u6t _ ct+odt 
hnt = -Deg 1+16xi+l,: , (2.7) 
D,E = 
DsolidDliquid(h + ~G+I)C,‘,~ - QCT 
DsolidbXi+l + CVDliquidSXiC~+1 - Cl ’ (2.8) 
where y = t for an explicit in time scheme or for a trivial implicit solution, otherwise y is a 
counter of some iteration procedure. The “effective” transport parameter given by equation (2.8) 
comes from the solution of equations (2.3) and (2.4) written as 
(2.9) 
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where the subscript i + l/2 indicates fictitious nodal points laying on the solid-liquid interface 
(the other solution is just the value of Czllfl,P,so,id or C~+r,z,,iqUid). This kind of procedure works 
pretty well (i.e., reproduces any exact solutions that can be done for problem (2.1)-(2.4) changing 
the boundary conditions and/or adding source terms, with a precision up to six digits even using 
very coarse meshes) as long as D,E > 0, but becomes problematic when this condition is violated. 
This weakness is an expected consequence of the fact that with a negative value of the diffusion 
coefficient the problem becomes fatally ill-posed. 
3. CONCLUSION 
The conclusion is that, in such type of problems with interface discontinuity, whenever the 
use of shifted computational grid is more attractive when the effect of a set of chemical and/or 
biochemical equations has to be taken into account, the use of nonshifted computational grid 
should be preferred. 
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